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(54) Apparatus for establishing branch wells from a parent well 

(57) A method and apparatus for creating multiple 
branch wells from a parent well is disclosed. According 
to a first embodiment of the invention a multiple branch- 
ing sub is provided for placement at a branching node 
of a well Such sub includes a branching chamber (32) 
and a plurality of branching outlet members (34r38). The 
outlet members, during corwtruction of the branching 
sub. have previously been distorted into oblong shapes 
so that al of the branching outlet members fit within an 
imaginary cylinder which is coaxial with and substantial- 
ly the same radius as the branching chamber. According 
to one embodiment, the distorted outlet members are 
characterized by an outer convex shape. In another em- 
bodiment, the distorted outlet members are character- 
ized by an outer concave ehape when in a retracted 
state. After deployment of the branching sub via a parent 
casing in the well, a fonning tool is lowered to the interior 
of the sub. The outlet members are extended outwardly 
by the fonning tool and simultaneously fomrwd into sub- 
stantially round tubes. Next, each outlet member is 
plugged with cement, after which each branch well is 
drilled through a respective outlet member. If desired, 
each branch may be lined with casing and sealed to a 
branching outlet by means of a casing hanger A mani- 
fold placed in the branching chamber controls the pro- 
duction of each branch well to the parent wett. According 
to a second embodiment of the invention, a pressure 
resistant brarKhing sub is provided which may be in- 
stalled »i series wrth a casing string, and the associated 
equipment used for the installation operation and inter- 
vention of a well. The branching sub includes a main 
pipe ar»d a lateral outlet. 
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Description 

This invention relates generally to the field of wells, 
particutarty to the field of establishing branch welts from 
a parent hydrocartwn well. More particularty the inven- 
tion relates to estabfeshing multiple branch wells from a 
comnnon depth point, called a node, deep in the well. 

BACKGROUND OF THE INVENTION 

Multiple wells have been drilled from a conrvnon lo- 
cation, particiriarty while drilling from an offshore plat- 
form where muftiple wells must be drilled to cover the 
great expenses of ofshore driUing. As illustrated in Fig- 
ures 1A and ia such wells' are drilled through a com- 
mon conductor ppe, ar>d each well etudes surface 
casing liners, intenmediate casing and parent casing as 
IS well known in the field of offshore drilling of hydrocar- 
bon wells. U.S. Patent 5.456,199 describes apparatus 
and methods tor drfling muftiple wells from a conrvnon 
wellbore at or near tie surface of the earth. U.S. Patent 
4,573,541 descrt>e5 a downhole take-off assembly for 
a parent well which includes multiple take-off tubes 
which commumcate with branched wells from a com- 
mon point. 

Branch wels are also known In the art of well drilling 
whch branch trom multiple points in the parent well as 
illustrated in Figure 2. Branch welts are created from the 
parent well, bu: necessarily the parent well extends be- 
k>w the branchng point of the primary well. As a result, 
the branching well is typcally of a smaller diameter than 
that of the primary weQ which extends below the branch- 
ing point Furtiemiofe, difficult sealing problems have 
faced the art for establishtng corrvnunication between 
the branch wel and the primary well. 

For exarr^, U.S. Patent 5.386,648 describes 
methods relating to well juncture sealing with various 
sets of embo(iments to accomplish such sealing. The 
disclosure of tre '648 patent proposes solutkxis to sev- 
eral serkMJS sealing problems whk:h are encountered 
when establis"ing branches in a well. Such sealing 
problenw relaie to the requirement of ensuring the con- 
nectivity of the aranch casing liner with the parent casing 
and to maintaining hydraulic ieolatbn of the juncture un- 
der differential pressure. 

A fundamental problem exists in establishing 
branch wells al a depth in a primary well in that appara- 
tus for establishing such branch wells must be nin on 
parent casing which must fit within intermediate casing 
of the well. Aocordfrigly, any such apparatus for estab- 
lishing branch wells must have an outer diameter which 
is essentially no greater than that of the parent casing. 
Furthermore, t is desirable that when branch wells are 
established, they have as large a diameter as possible. 
Still further, it is desirable that such branch wells be lined 
with casing which may be established and sealed with 
the branching equipment with conventnnal casing 
hangers. 



An important object of this inventton is to provide an 
apparatus and method by whk:h multiple brarKhes con- 
nect to a primary welt at a single depth in the wel where 
the branch wells are controlled and sealed with respect 
5 to the prinrwry well with conventonal liner-tcxasing con- 
nectkxis. 

Another important object of this invention is to pro- 
vide a multiple outlet branching sub having an outer di- 
an»ter such that it may be nin in a well to a deployment 
10 locatkxi via prinnary casing. 

Another object of this invention is to pcoride a mul- 
tiple outlet branching sub in whch multiple outlets are 
fabricated in a retracted state and are expended while 
downhole at a branching depk>yment kxation to pro- 
's duce maximum branch well dianwters rounded to pro- 
vide conventional liner-to<asing ccnnectiORS. 

Another object of this invention is to provide appa- 
ratus for downhole expanskxi of retracted outlet mem- 
bers in order to direct each outlet into an arcuate path 
20 outwardly from the axis of the primary wel and to ex- 
pand the outlets into an essentially round shape such 
that after a branch well is drilled through an outlet, con- 
ventional liner-to-casing connectk»n8 can be made to 
such outlet members. 

SUMMARY OF THE INVENTION 

These objects and other advantages and features 
are provided in a nrtethod and apparatus for establishing 

30 multiple branch wells from a parent wel A multiple 
br^Khing sub is provded for deployment ti a borehole 
by means of a parent casing through a parent well. The 
brm^hing sub includes a branching chamber which has 
an open first end of cylindrical shape. The branching 

» dwnber has a second end to which branching outlet 
members are connected. The first end is connected to 
the parent well casing in a conventonal manner, such 
as by threading, for depk>yment to a brarxiiing locatkxi 
in the parent well. 

4: Multiple branching outlet members, each d whch 
is integrally connected to the second end the branch- 
ing chamber, provide fluki oommuncaton wrth the 
branching chamber. Each of the outlet members is pre- 
fabricated such that such members are in a retracted 

45 positkxi for insertion of the sub into and down tirough 
the parent well to a depk>yment kxatkxi deep in tie well. 
Each of the multiple outlets is substantially tolaly within 
an imaginary cylinder which is coaxial witi and ol sub- 
stwtially the same radius as the first end of the branch- 

« ing chamber. The prefabrkatksn of the outet members 
causes each outlet mennber to be transfomied in cross- 
sectional shape from a round or circular shape to an ob- 
kv>9 or other suitable shape such that its outer profile 
fits within the imaginary cylinder. The outer profile of 

ss each outlet member cooperates with the cuter profiles 
of other outlet members to substantially « the area of 
a cross-section of the imaginary cylinder. As a result, a 
substantially greater cross-sectkxial area cf the multiple 
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outlet members is achieved within a cross-sectioo cA the 
imaginary cylinder as compared with a corresponding 
number of tubular multiple outlet members of circular 
croGS-section. 

The multiple outlet members are constructed of a 
material which may be plastically defomied by cold 
forming. A forming tool is used, after the multiple branch- 
ing sub is deployed in the parent well, to expand at least 
one of the multiple branching outlet members outwardly 
from the connection to the branching chamber. Prefer- 
ably all of the outlet members are expanded simultane- 
ously. Simultaneously with the outward expansion, the 
multiple outlets are expanded into a substantially circu- 
lar radial croes-eecttonal shape along their axial extent. 

After the multiple outlet members which branch 
from the branching chamber are expanded, each of the 
multiple branching outlets are plugged. Next, a borehole 
is drilled through a selected one of the multiple branch- 
ing outlets. A substantially round liner is provided 
through the selected branching outlet and tfito the 
branch well. The liner of circular cross-section is sealed 
to the selected branching outlet circular cross-section 
by means of a conventional casing hanger. A borehole 
and liner is established for a plurality of the multiple 
branching outlets. A downhole manifold is installed in 
the branching chamber. Next multiple branch wells are 
completed. The production of each branch well to the 
parent well is controlled with the manifold. 

The apparatus for expanding an outlet of the multi- 
ple branching sub includes an uphole power and control 
unit and a downhole operational unit. An electrical wire- 
line connects the uphole power and control unit and the 
downhole operational unit. The wireHne provides a 
physical connection for lowering tha downhole opera- 
tional unit to the branching sub and provides an electri- 
cal path for transmission of power and bidirectional con- 
trol and status signals. 

The downhole operational unit includes a forming 
mechanism arranged and designed for insertion in at 
least one retracted brar>ching outlet member of the sub 
(and preferably into all of the outlet members at the 
same time) and for expanding the outlet member out- 
wardly from its imaginary cylinder at deployment. Pref- 
erably each outlet member is expanded outwardly and 
expanded to a circular radial cross-section simultane- 
ously. The downhole operational unH includes latching 

orientation nr>echanisms which cooperate with cor- 
responding mechanisnrw of the sub. Such cooperating 
mechanisms allow the forming mechanism to be radially 
oriented within the multiple branching sub so that it is 
aligned with a selected outlet of the sub and preferably 
with all of the outlets of the sub. The downhole opera- 
tional unit includes a hydraulic pump and a head having 
hydraulic fluid lines connected to the hydraulic pump. 
The forming mechanism includes a hydraulically pow- 
ered forming pad. A telescopic link between each fooD- 
ing pad and head provides pressurized hydraulic fluid 
to the forming pads as they move downwardly while ex- 



panding the outlet men^befs. 

According to a secorxl alternative embodiment of 
the invention . a branching sub is provided which allows 
multiple branches from a parent casing without the need 

5 for seating joints and which allows the uee of conven- 
tional well controlled liner packers and casing joints. The 
geometry of the housing of the branching sub altows the 
housing to achieve maximun pressure rating consider- 
ing the size of the branch outlet with regard to the size 

10 of the parent casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, advantages and features of the inven- 
ts tkxi will become more apparent by reference to the 
drawings whkii are appended hereto and wherein an 
Hlustrative embodiment of tie inventkxi b shown, of 
which: 

no Figures 1 A and 1 B illustrate a prior art triple liner 
packed in a conductor casing terminaton in whtoh 
the outlet members are round during installation 
and are packed to fit wihin the conductor casing; 
Figure 2 illustrates a prior art parent or vertk^al well 

2S and lateral branch wels whch extend therefrom; 

Figures 3A, SB, and 3C ilustrate a three outlet 
branching sub accordrig to a first embodiment of 
the inventkxi where Figure 3A is a radial cross-sec- 
tion through the branching outlets of the sub. with 

30 one outlet completely In a retracted position, with 
anotheroutlet in a position between its retracted po- 
sitkxi and its fully expanded positkxi. and the third 
outlet being in a fully oxpanded positkxi, and where 
Figure SB is a radial ctoss-section through the 

3S branchhg outlets of the sub with each of the outlets 
fully expanded after depkayment in a parent welt, 
and Figure X is an axial cross-section of the 
branching sub showing two of the brar>ching outlets 
fully expanded to a rouid shape in whk^h casing has 

40 been run into a branch well and sealed with respect 
to the branching outlets by means of conventiormi 
liner hanging packers. 

Figure 4 is a perspective view of a three symmetri- 
cal outlet branching sub of a first embodiment of the 

4S inventkxi with the outlet branches expanded. 

Figures 5A. SB, 5C, arvj 50 illustrate configuratkxis 
of the first embodiment of the inventton with asym- 
metrical branching outlets with at least one outlet 
having larger internal dimenskxis than the other 

so two, with Figure 5A being a radial cross-sectkxi 
through the branching outlets atong line 5A-5A in a 
retracted positkxi, with Figure 5B being an axial 
cross-sectkxi through the ines 5B-5B of Figure 5A. 
with Figure 5C being a ratfial cross-sectnn akxig 

s$ lines 5C-5C of Figure 5D with the branching outlets 
in an expanded position, and with Figure 50 being 
an axial cross-sectkxi ak5ng lines 5D-5D of Figure 
5C with the branching outlets In an expanded posi- 
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tion; 

Figures 6A-6E itustrate radial cross-sections of 
several examples of brar^ing outlet configurations 
of the branching sub according to the first embodi- 
ment of the invention, with all outlet branches fully s 
expanded from their retracted state during deploy- 
ment in a parent well, with Figure 6A illustrating two 
equal diameter outlet branches. Figure 6B illustrat- 
ing three equal diameter outlet branches, Figure 
6C. like Figure 5C, Illustrating three outlet branches io 
with one branch characterized by a larger diameter 
than the other two. with Figure 6D illustrating four 
equal diameter outlet branches, and with Figure 6E 
illustrating five outlet branches with the center 
brartch being of smalldr diameter than the other is 
four; 

Figures 7A-7E iluslrate stages of expanding the 
outlet merr^ersof an expar>dable branching sub ac- 
cordhg to the inveation. with Figure 7A illustrating 
, an axial cross-section of the sub showing multiple ^ 
brar>ching outlets with one such outlet in a retracted 
position and the other such outlet being expanded 
starting with its connection to the brarKhing head 
and continuing expansion downwardly toward the 
lower opening of the branching outlets, with Figure 2S 
7B illustrating a radial cross-section at axial position 
B of Figure 7 A arxJ assuming that each of three 
symmetrical branching outlets are being expanded 
simultaneously, and with Figures 7C through 7E 
showing various stages of expansion as a function 30 
of axial distance along the branching outlets; 
Figures 8A and SB illustrate respectively in axial 
cross-section and a radial cross-section along lines 
SB-eB. latchihgandorientatioh profilieis of a branch- 
ing chamber of the branching sub. and Figure SA 3S 
further illustrates an extension leg and supporting 
shoe for deployment in a parent well and for provid- 
ing stability to the branching sub while expanding 
the brar^ching outlets from their retracted position; 
Figure 9 scherratically illustrates uphole and down- ^ 
hole apparatus tor expanding the branching outlets 
of the brarKhing sub; 

Figure 1 0 illustrates steps of the process of expand- 
ing and forming the branching outlets with a pres- 
sure forming pad off the apparatus of Figure 9; ^ 
Figures 11A-11H ilustrate steps of an mstattation 
sequence for a nodal branching sub and for creating 
branch wells from a parent well; 
Figure 12 illustrates a branching sub deployed in a 
parent well and further illustrates branch well liners so 
hung from branching outlets ar>d still further illus- 
trates production apparatus deployed in the branch- 
ing sub for controlling production from branch wells 
into the parent well; 

Figures 1 3A and 1 38 geometrically illustrate the in- ss 
crease in branch well size achievable for this inven- 
tion as compared with prior art conventional axial 
branch wells from liners packed at the end of parent 



casing: 

Figures 14A-14D are illustrative sketches of nodal 
brafKrfiing according to the invention where Figure 
14A illustrates establishing a node in a parent well 
and establishing branch wells at a comnr)on depth 
point in the parent welt, all of which communnate 
with a parent well at the node of the parent well; with 
Figure 14B illustrating an expanded branching sub 
which has had its branching outlets expanded be- 
yond the diameter of the parent casing and formed 
to be substantially round; with Figure 14C illustrat- 
ing using a prinrary node and secondary nodes to 
produce hydrocarbons from a single strata; and with 
Figure 14D illustrating using an expanded branch- 
ing sub from a primary node to reach multiple sub- 
terranean targets; 

Figure 15A illustrates a two outlet version of a 
brartching sub according to the first embodiment of 
the inventton, with Figures 15B, ISB*. 15C. and 15D 
Ihistrating cross^sectkxiat profiles of such two out- 
let version of a branching sub with an alternative 
posl-forming tool at various depth kxations in the 
outlet members; 

Figure 16 illustrates a two arm alternative version 
of a post-forming tool; 

Figures 1 7A-17D illustrate the operation of such al- 
ternative post-forming tool; 
Figures 1 8A - 1 BE illustrate a branching sub accord- 
ing to the first embodiment of the inventkxi with con- 
cave deformation of the branching outlets; 
Figures 1 9A - 1 9C illustrate an alternative actuating 
apparatus according to the inventk)n. 
Figures 20A and 20B illustrate a second embodi- 
ment of the Inventkxi whore Figure 20A is an exte- 
rior view of a branching sub with a main pipe and a 
lateral branching outlet and Figure 20B is an axial 
section view of such branching sub; 
Figures 21 A and 21 B are axial and radial sectkxi 
views of the branching sub of Figures 20A and 20B 
but in a retracted state, and Figures 21 C and 21 D 
are axial and radial sectkxi views of the branching 
sub of Figures 20A and 20B in an expanded state; 
Figure 22 is a graph whch shows that the yieM 
strength of the housing material of the branching 
sub increases with the rate of deformation during 
expansion; 

Figure 23 is a schematk: illustratkxi of the branching 
sub according to a second embodiment of the in- 
vention where lateral or branch holes are created 
from the main body of the sub or subs to reach dis- 
tinct fonmatkxis from one main borehole; 
Figure 24 illustrates the use of a deflecting tool 
wNch may be inserted within the main pipe of the 
branching sub whereby a drilling tool which enters 
from the top of the sub may be directed into the lat- 
eral outlet; 

Figure 25 illustrates two branching subs connected 
in tandem with the tandem connectkxi placed in a 
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series of casing links ol a casing string; and 
Figures 26A and 26B illustrate a cap which may be 
welded across the brar^ching outlet in order to close 
(t off lor certain well operations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1 A and 18 illustrate 
the problenw with prior art apparatus and methods for 
establishing branch wels from a parent welt. Figures 1 A 
and 1 B show radial and axiaJ cross-sections of multiple 
outlet liners 12 hung and sealed from a large diameter 
conductor pipe 10. The outlets are round in order to fa- 
cilitate use of conventionaf ining hanger packers 14 to 
seal the outlet liners 1 2 for communication with the con- 
ductor pipe 10. The arrangement ol Figures 1 A and 1 B 
requires that multiple round outlets of diameter Do frt 
withinthediameterDslof the conductor pipe 10. In many 
cases, especially where the conductor pipe must be de- 
ployed at a depth in the weU. rather than at the surface 
of the well, it is not feasible to provide a borehole of suf- 
ficient outer diameter to allow branch well outlets of suf- 
ficient diameter to be installed. 

The technique of providing branch wells according 
to the prior art arrangement depicted in Figure 2 creates 
branch wells 22. 24 from a primary well 20. Special seal- 
ing arrangements 26, unlike conventkDnal casing hang- 
ers, must be provided to seal a Iried branch well 22, 24 
to the primary well 20. 

Desciiptkxi of Branching Sub According to a First 
Embodiment of the Inventwn 

Figures 3A. 3B. aid 3C illustrate a branching sub 
30 according to the invention. The branching sub in- 
cludes a branching chamber 32, (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 1 2)), and multiple outlet members, 
for example three outlet mennbers 34. 36. 38 illustrated 
in Figures 3A, 3B. and 3C. Figure 3A is a radial cross- 
secton view through the branching chanr>ber 32 which 
illustrates one outlet member 34 in a retracted state, a 
second outlet member 36 in the state of being expanded 
outwardly, and a third outlet member 38 which has been 
fully expanded outwaidty. (Figure 3A is presented for il- 
lustrative purposes, because according to the inventkxi 
it is preferred to expand and circularize each of the out- 
lets simultaneously.) In the retracted state, each outlet 
is deformed as shown partfcutariy for outlet member 34. 
A round tube is deformed such that its cross-sectkxial 
interior area remains essentially the same as that of a 
circular or rourxl tube, but its exterkx shape is such that 
it fits cooperatively with the deformed shape of the other 
outlet members, all within an imaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 



ameter which aBows it to be run in a parent well to a 
deployment kxatnn while attached to a parent casing. 
Outlet member 34 n its retracted state is illustrated in 
an oblong shape, but other retracted shapes may also 

5 prove to have aiK/antageous characteristics. For exam- 
ple, a concave cerrtral area of deformaton in the outer 
skje of a retracted outlet member may be advantageous 
to provkje a stiSer outlet member. Such deformation is 
progressively greater and deeper starting from the top 

10 to the bottom d the outlet member. 

Figure 3A shows outlet member 33 in a state of be- 
ing expanded n an arcuate path outwardly from the 
branching chamber 32 while simultaneously being 
rounded by a dbwnhole fomiing-expanding tool that is 

IS descrft>ed bekm The arrows labeled F represent forces 
being applied fcom tie interior of the outlet member 36 
h order to expand that outlet member both outwardly In 
an arcuate pafi away from brarKhing chamber 32 and 
to circularize I from its retracted state (as is the contit- 

20 tk)n of outlet nwmber 34) to its expanded or fully de- 
pk>yed state Ite oudet member 38. 

Figure 3B is a radial cross-section as viewed by 
lines 3B-3B of Figure 3C through the branching sub 30 
at the level of cutM members 36. 38. Figure 3C illus- 

2S trates convenconal casing liners 42. 44 which have 
been installed through branching chamber 32 and into 
respective outlet menrt>ers 36, 38. Conventional liner 
hanging packer 46, 48 seal casing liners 42. 44 to outlet 
members 36. 38. As illustrated in Figures 3B and 3C, if 

30 the diameter Ds2 of the branching chamber 32 is the 
same as the diam^r Del of the conductor pipe of pr»r 
art Figure IB, ihen the outlet diameter D^ of Figure X 
is 1 .35 times as greal as the outer diameter Do of Figure 
1 B. The liner croes-sectional area S^ of the sub of Figure 

3S 3C is 1 .82 times as great as the liner croes-sectkxial 
area So of Figure 1 A. When fully expanded, the effective 
diameter of the expanded outlet members 34, 36, 38 ex- 
ceeds that of the branching chamber 32. 

Experimerts have been conducted to prove the fea- 

40 sibility of manufacturing brar»ching sub 30 with outlets 
in a retracted state, and later operationally expanding 
outwardly and -ourtding the outlets. 

Experiment Phase 1 

45 

Two casing sizes were selected: a first one. one me- 
ter kxig was 7 inch dtemeter casing with a wall thfckness 
of 4.5 mm; the second was one meter long and was 7 
ir»ch dianrveter casing with a wall thickness of 8 mm. A 

so hydraulic jack was designed for placement in a casing 
for expanding it. Each casing was successfully pre- 
formed into an eilptical shape, e.g.. to simulate the 
shape of outtec member 34 in Figure 3A and reformed 
into circular shape while using a circularizing forming 

ss head with the jack. Circularity, like that of outlet member 
38 of Figure 3A was achieved with plus or minus differ- 
ence from perfect circularity of 2 mm. 
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Experiment Phase 2 

Two, one meter long, 7 inch diameter, 23 pound 
casings were nr^achined axiaily at an angle of 2.5 de- 
grees. The two casings were joined together at their nr^a- 
chined surfaces by electron beam (EB) welding. The 
joined casings were deformed to fit inside an 11 inch 
diameter The welding at the junction of the two casings 
and the casings themselves had no visible cracks. The 
maximum diameter was 10.7 inches; the minimum di- 
ameter was 10.5 inches. 

a) Machinery 

Before milling each c&iw\g at an angle of 2.5 de- 
grees, a spacer was temporarily welded at its end to 
avoid po68i)le deformation during machining. Next 
each casing was machined roughly ar>d then finished to 
assure that each machined surface was coplanar with 
the other. The spacer welded at the end of the casing 
was machined at the same time. 

b) Welding 

The two machined casings were assembled togeth- 
er with a jig, pressed together and carefully positioned 
to maintain alignment of the nnachined surfaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and the jig was removed. In an EB 
welding chanr^r. the two machined casings were spot 
welded alternately on both sides to avoid possible de- 
formation which could open a gap between the two 
surfaces . Next, about 500 mm were EB welded on one 
side; the combination was tumed over and EB welded 
on the other side. Finally the bottom of the combination 
was EB welded and tumed over again to complete the 
welding. The result was satisfactory; the weld fillet was 
continuous without any loss of material. As a result, the 
two machined surfaces of the casings were joined with 
no gap. 

c) Deformation 

Deformation was done with a special jig of two por- 
tions of half cylinders pushed against each other by a 
jack with a force of 30 metric tons (66.000 pounds). The 
half cylinders had an inskle diameter whch was slightly 
smaller than 11 inches, /accordingly, the final diameter 
of the deformed assembly was less than 1 1 inches when 
the junction was deformed. Pliers were placed inskJe the 
junction to aid deformation of the outlet where it is criti- 
cal: at the end of the tube where the deforrrwtion is max- 
inrtal. 

A targe wedge with a 5 degree angle was installed 
between the two outlets to facilitate flattening them 
when defomning. The deformatfon started at the outlets. 
Force was applied on the pliers and simultaneously on 
the jack. A force of about one ton was continuously ap- 



plied to the pliers; the outskJe jig was mwed down in 
steps of 1 25 mm; at each step a force of 15 metric tons 
(33,000 pounds) was applied. The operaion was re- 
peated with a force of 20 metre tons (44,000 pounds), 
5 and the end of the outlets started to flatten en the wedge. 
The process was completed at a force of 30 metric tons 
(66,000 pounds). The resulting deformec product was 
satisfactory. 

It is prefen-ed to modify the shape at the pliers in 

10 such a way that the pliers deform the cutlet with a 
smooth angle and to wekJ the wedge after defonnatton. 
rather than before, and to weld it by using two large 
wedges on each side of it to avoid a "nejative' defor- 
mation of this area. 

IS Experiment Phase 2 was conducted a second time, 
but with a steel sheet metal stiffener wetdad along the 
EB wekis of both sides of the junctkxi of thetwocasings. 
The junction was deformed as in ExpeiinefTt Phase 2 
to fit within an 11 inch diameter. A jack wth a force of 

20 30 metric tons (66,000 pounds) was used PSets, as for 
the first junction, were not used. A large wedge was 
used for the first junctkxi with a 5 degree ang^ cut in 
two and installed on each skJe of the welcted wedge be- 
tween the two outlets to facilitate flattening of the outlets 

2S when deforming. The deformatkxi started at ttie outlets 
and continued toward the junctton. This ooeralion was 
repeated with a force of 30 metric tons. T-te end of the 
outlets started to flatten on the wedge. The oortion most 
difficult to deform was around the junction sf the casings 

30 where the outlets are complete inskle but welded to- 
gether, where the weMed surface is between the top of 
the inskie ellipse and the top of the outside e^pse. As 
a result of this experiment, a hi^er capacity jack of 50 
metre tons force was provkJed. 

3S 

Experiment Ptiase 3 

A full length prototype with two 7 inct casings con- 
nected to a 9 5/8 inch casing was man Jactured and 
40 pressure tested. Testing stopped at 27 bar because de- 
formation was occurring without pressure /ariation. 

a) Machining 

<s Machining was performed in the sarre way as for 
the two prevous junctkxis except that Itm length of the 
casings was 1.25 meters instead of 1 meAoi, and a 
groove was nnachined around the elliptcd profile to en- 
hance the EB welding process. Additkx^alv^ a bfind hole 

so was machined on the plane of the cut of each casing to 
install a pin between the two casings to;irQwide better 
positkxiing. The upper adapter was mactrined out of a 
soiki bar of steel on a numerk:ally contrdted miling ma- 
chine to provkie a continuous profile between t>e 7 inch 

ss casings, with a 2.5 degree angle, and the 5 5/8 inch cas- 
ing. The adapter was machined to accact a plug. The 
inner diameter of the tower end of the 7 irxdn casings 
was machined to accept the expanding ougs. 
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b) Welding 

The two machined casings were assembled togeth- 
er with a jig and pressed together. The assembly was 
then fixed together by several spot TIG welds and the 
jig was removed. In an EB chamber, the two parts were 
EB spot welded attemalety on both sides to avoid pos- 
sible deforrmtion. Then the two casings were EB weld- 
ed on one side; the assembly was turned over and EB 
welded on the other side. The assembled casings were 
joined satisfactorily. An adapter was then TIG wekJed 
on the assembled casings as well as a wedge in be- 
tween the 7 inch casings. 

c) Pressure Testing " ^• 

Dofomnation during pressure testing was measured 
using two linear potentiometers placed on the EB wekJ. 
The pressure was increased by steps of 5 bar, and the 
value of the potentiometer was recorded at atmospheric 
pressure, at the given pressure, ar>d when returned to 
atmospheric pressure. As a result of such pressure test- 
ing, it was determined that the total plastic deformation 
of the casings near their junction was 4.7 mm and out- 
wardly of their junction was 37 mm, 

Experinrant Phase 3 showed that the deformation 
at 27 bar was too tiigh. Nevertheless, the deformation 
was localized in a small area. The upper adapter and 
the large casing weidtng act as stiff eners. It was deter- 
mined to add a stif ener in the plane of welding which 
can be "anchored* in the area of low deformation. 

Experiment Phase 4 

A full length prototype with two 7 inch casings (9 
mm thickness) connected to a 9 5/8 inch casing was de- 
formed torn inside a 10.6 inch cylinder. This defom^tion 
was performed using the same jig used for Experiment 
Phase 3. but with a jack with 50 metric tons capacity 
instead of 30 metrir tons. 

a) Deformatkxi Jig 

The deformation jig was modified to accept a higher 
deforming force and the bar which supports the fixed 
half shell was reinlorced. The jig was bolted on a frame 
and a crane was included in the frame to lift the junction 
and displace it dumg the deformation process. 

b) Deforming Process 

The change d dimensran of the joined casing dur- 
ing deformation was measured using a sliding gauge. 
Such change ol dimension was measured before apply- 
ing the pressure, urxjer pressure ax\d after releasing the 
pressure. Deformaoon started at the middle of the junc- 
tion where it is stfflesi ar>d continued toward the ends of 
the outlets because the deformation must be larger at 



the outlets. The detoonation on the bottom of the junc- 
tion was too high on the first run and reached nearly 10 
inches. At the midcJe of the junctksn, the defomriatkxi 
was about 10.6 inches. Except for the bottom end which 

5 was deformed too much with negative cun^ature around 
the wedge, the remainder of the junction stayed around 
10.6 inches. The maximum pressure applied was 670 
bar which required a fore© of 48 metric tons. For joining 
and deforming casings of thicker tubes, the jig must be 

10 rebuilt to accept large deforming forces. 

c) CoTKilusion 

The deformation of the prototype of Experiment 

IS Phase 4 was conducted easily with the new jig. The cas- 
ings were reopened to the original shape. 

Figure 4 is a perspective view of the brartching sub 
30 of Figures 3A. 38. 3C where the branching sub is 
shown after expar«n. Threads 31 are provkied at the 

20 top end of branching chamber 32. Threads 31 enable 
branching sub 30 to be connected to a parent casing for 
deployment at a sutjterranean kxation. Outlet mennbers 
34, 36. 38 are shown expanded as they wouM kX3k 
downhole at the erri of a parent well. 

2S Figures 5A-5D illustrate an alternative three outlet 
brarkching sub 301 according to the inventkxi. Figures 
5A and 5B iilustraie in radial and axial cross-sectkxi 
views the sub 301 in its retracted positton. Outlet mem- 
bers 341 , 361 and 331 are illustrated with outlet nrwmber 

30 361 being about oqnal to the corribined radial cross-sec- 
tional area of outle: members 341 and 381 combined. 
Each of the outlet rriembers are deformed inwardly from 
a round tubular shape to the shapes as illustrated in Fig- 
ure 5A whereby the combined defomwd areas of outlet 

3S members 341 , 361 ar>d 381 substantially fill the circular 
area of branching chancer 321. Other defomiatioo 
shapes may be atfvantegeous as mentioned above. 
Each deformed shepe of outlet members 341 . 361 and 
381 of Figure 5A is characterized by (for example, of the 

40 outlet mennber 341 a circular outer section 342 and one 
or more connectir.;. non-circular sections 343, 345. 
Such non-circular sections 343, 345 are cooperatively 
shaped with sectiorr 362 of outlet member 361 and 382 
of outlet member 351 so as to maximize the internal ra- 

4S dial cross-sectional areas of outlet members 341, 361 
and 381. 

Figures 5C and 5D Sustrate the brarrching sub 301 
of Figures 5A and 56 after its outlet members have been 
fully expanded after deployment in a parent well. Outlet 

so members 361 and 381 are illustrated as having been 
simultaneously expanded in a gently curving path out- 
wardly from the axis of branching chamber 321 and ex- 
panded radially to farm circular tubular shapes from the 
deformed retracted state ol Figures 5A and 58. 

55 Figures 6A-6E show in schematk: form the size of 
expanded outlet members as compared to that of the 
branching chambe- Figure 6A shows two outlet mem- 
bers 241 . 242 which have been expanded from a de- 
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formed retracted state. The diameters of outlet mem- 
bers 241 and 242 are substantially greater in an expar>d- 
ed state as compared to their circular diameters tf they 
could not be expanded Figure 6B repeats the case ol 
Figure 3B. Figure 6C repeats the uneven triple outlet 
configuration as shown in Figures 5A-5D. Figure 6D il- 
lustrates four expandable outlet members from a 
branching chamber 422. Each of the outlet members 
441 , 442. 443, 445 are of the same diameter. Figure 6E 
illustrates frve outlet members, where outlet member 
545 is smaller than the other four outlet members 541. 
542, 543, 544. Outlet nnenr^er 545 rT>ay or may not be 
deformed in the retracted state of the branching sub. 

Description of Method lor Exparxiing a Deformed 
Retracted Outlet Member 

Figures 7A-7E illustrate downhde forming heads 
1 22, 1 24. 1 26 operatng at various depths in outlet menrv 
bers 38, 34. 36. As shown on the right hand side of Fig- 
ure 7A. a generafized forming head 122 is shown as it 
enters a deformed retracted outlet men\ber, for example 
outlet member 36. at location B. Each of the fonning 
heads 1 22. 1 24, 1 26 has not yet reached an outlet mem- 
ber, but the heads have already begun to expand the 
outlet wall of branchhg chamber 32 outwardly as illus- 
trated in Figure 7B. The forming heads 122, 124. 126 
continue to expand the outlet members outwardly as 
shown at location C. Figure 7C shows the forming heads 

1 22. 1 24. 1 26 expanding the outlet members outwardly 
while simultaneously circularizing them. Forming pads 

123. 125. 127 are forced outwardly by a piston in each 
of the forming heads 122. 124, 126. The forming heads 
simultaneously 't>ear against central wall region 150 
which acts as a reaction body so as to simultaneously 
expand ar>d form the outlet nrtembers 38. 34, 36 white 
balancing reactive forces while expaixling. Figures 7D 
and 7E illustrate the fomiing step at locations D and E 
of Figure 7A. 

Figures 8A aod 68 illustrate an axially extending 
slot 160 in the bra'>ching chamber 32 of branching sub 
30. Such slot 160 cooperates with an orienting an6 
latching sub of a downhole forming tool for radial posi- 
tioning of such orienting and latching sub for forming and 
expanding the multipio outlet members downhole. A 
notch 162 in branchhg chamber 32 is used to latch the 
downhole forming tool at a predetermined axial position. 

An extension leg 170 projects downwardly from the 
central wall region 150of brar^ching sub 30. A foot 172 
is carried at the end of extension leg 170. In operation, 
foot 172 is lowered to the bottom of the borehole at the 
deployment location. It provides support to branching 
sub 30 during fonning tool expanding and other opera- 
tions. 



Description of Forming Tool 

a) Description of Embodiment of Figures 9, 10 

5 Figures 9 and 1 0 illustrate the forming tool used to 
expand multiple outlet members, for example oitlet 
manbers 34. 36. 38 of Figures 3A. 3B. and 3C and fig- 
ures 7Bw 7C, 7D arxj 7E. The forming tool includes up- 
hob apparatus 100 and downhole apparatus 200 The 

10 upttole apparatus 1 00 includes a conventional computer 
1 02 programmed to control telemetry and power suppty 
unt 1 04 and to receive coavnarxls from artd display irv 
fontnation to a human operator. An uphote winch unii T 06 
has an electrical vvireline 110 spooled thereon for krth 

f5 ering donvnhole apparatus 200 through a parent wel 
casing and into the branching chamber 32 of a branch- 
ing sub 30 which is corKiected to and carried at the end 
of lite parent casing. 

The downhole apparatus 200 includes a conierv 

20 tiorral cable head 202 which provides a strength/etedn- 
cal connection to wireline 110. A telemetry, power &ip- 
plies arvl controls module 204 includes convention^ te- 
lemetry, power supply and control circuits which function 
to lonvnunicate with uphole connputer 102 via wtrtitne 

2S 1 ifl and to provide power and control signals to dowrv 
hols modules. Hydraulic power unit 206 includes a sorv 
ventional electrically powered hydraulic pump for sro- 
dxing downhole pressurized hydraulic fluid. An orent- 
ing and latching sub 208 includes a latching device 21 0 

30 (sdnemaiically illustrated) for fitting within notch 1£2 of 
braxhing chamber 32 of Figure 8A and an orientinsde- 
vios 212 (schematicalty illustrated) for cooperating with 
sice 160 otf branching chamber 32. When the dowmole 
apparatus 200 is lowered into branching sub 30, oiiant^ 

3S rg device 21 2 enters the slot 160 and the dovmhote ap- 
paratus 200 is further lowered until the latching dance 
210 enters and latches within notch 162. 

Fixed traveling head 213 provides hydraulic fluid 
communication between hydraulic power unit 206 and 

40 the traveling forming heads 1 22. 1 24, 1 26, for exaroie 
T&escooic links 180 provide pressurized hydraulic luid 
to Taveiing forming heads 122, 124. 126 as the heeds 
1 22, 1 24. 1 26 move downwardly within the multiple out- 
lei mentors, for example outlet members 34. 36, 3B cf 

45 FQures7B-7E. Monitoring heads 182. 184, 1B6arcpio- 
victed to determine the radial distance moved white ra- 
diEily tanning an outlet member. 

Rgyre 10 illustrates traveling forming heads T26. 
1 24, 1 22 In different stages of forming an outlet nr^enber 

so crt branching sub 30. Forming head 1 26 is shown rn out- 
l0i member 36, which is illustrated by a heavy line b^bre 
radial formvig in the retracted outlet member 36. The 
oiidet member is shown in light lines 36', 36*, «A>ei9the 
otdet member is depicted as 36' in an inteimailiate 

55 s^e of forming and as 36' in its final formed stags. 

The forming head 1 24 is shown as it is radially tmn- 
ing retracted outlet member 34 (in light line) to an nter- 
rrediate stage 34*. A final stage is illustrated as ctixular- 
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izod outlet member 34'. The fomiing head 124, like the 
other two fomning heads 126. 1 22, includes a piston 151 
on which lomting pad 125 is mounted. Piston 151 is 
forced outwardly by hydraulic fluid applied to opening 
hydraulic line 152 and is forced inwardly by hydraulic 
fluid applied to closing hydraulic line 154. A caliper sen- 
sor 184 is provided to determine the amount of radial 
travel of piston 151 and lorming pad 125, for example. 
Suitable seals are provided between the piston 1 51 and 
the forming head 124. 

The fonning head 122 and fomning pad 123 are il- 
lustrated in Figure 10 to indicate that under certain cir- 
cumstances the shape of the outlet member 38 may be 
'over expanded* to create a slightly oblong shaped out- 
let, such that when lacfial focming force from forming pad 
123 and forming head 122 is removed, the outlet will 
spring back Into a cacular shape due to resUual elastk;- 
ity of the steel outlet member. 

At the level of ffie bfanchrig chamber 32, forming 
heads 122. 124, 126. balance each other against the 
reactkan forces wMe fofcing the walls of the chamber 
outwardly. Accordingly the forming heads 1 22, 1 24. 1 26 
are operated simulianeously, for example at level B of 
Figure 7A. while forcing the lower end of the wall of the 
branching chamber 32 oulvwirdly. When a fomiing head 
122 enters an outlet member 38 for example, the pad 
reactkxi forces are evenly supported by the central wall 
regwn 1 50 of the branching chamber 32. The telescopk; 
links 180 may be rotated a small amount so that the 
forming pads 127. 125, 123 can apply pressure to the 
right or left from the nomial axis and thereby improve 
the roundness or drcularily of the outlet members. After 
a forming sequence is perlomned. for example at kx:a- 
tton 0 in Figure 7A, tie pressure is released from piston 
151. and the telescopic links 180 bwer the forming 
heads 122. for example, down by one step. Then the 
pressure is raised again for fomrting the outlet members 
and so forth. 

The conposftion of the materials of which the 
branching sub 30 is constructed is preferably of an alk>y 
steel with austentc structure, such as manganese 
steel, or ntekel allo>'S such as 'Monel' and "Inconel" se- 
ries. Such materials provide sut>stantial plastic deforma- 
lk3n with cold forming thereby provkJing strengthening. 

b) Descriptksn of Atemaitive Embodiment of Figures 
15A-15D. 16and17A-17D 

An alternative post-forming tool is illustrated in Fig- 
ures ISA. 15B, 15Br. 15C. 15D. 16. and 17A-17D. The 
post-forming tool 1500 rs supported by comnwn down- 
hole components ol Figure 9 including a cable head 202. 
telerDetry. power supples and controls module 204. hy- 
drauic power unit 206 and an orienting and latching sub 
208. Figure 16 illustrates that post-forming tool 1600 in- 
cludes a travel actjator 1510. A piston 1512 of travel 
actuator 1510 moves from an upper retracted position 
as shown in Figure 1 7A to a lower extended positkxi as 



shown in Figures 17C and 17D. Figure 17B shows the 
piston 1512 in an intermediate position. Piston 1512 
moves to intermediate positkxis depending on the de- 
sired travel positions of forming heads in the outlet mem- 
5 bers. 

Figures 16 and 17D ihjstrate a two forming head 
embodiment of the post-lorming tool 1500 where two 
outlet members (e.g., see outlet members 1560 and 
1562 of Figures 1 5A-15D)are illustrated. Three or more 

10 outlet members may be pcovkied with a corresponding 
number of forming heads and actuators provKlod. Links 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are forced 
downwardly into outlet members 1560, 1562 as piston 

f 5 1512 moves downwardly. 

Actuator cylinders 1516 each include a hydrautical- 
ly driven piston 1518 vHdh receives pressurized hy- 
draulk; flukJ from hydraufc power unit 206 (Figure 9) via 
travel actuator 1510 and inks 1514. The piston 1518 is 

20 in an upper positk>n as ilustrated in Figures 17A and 
17C and in a k)wer positkvi as illustrated in Figures 17B 
and 17D. 

The actuator cylinders 1516 are pivotally linked via 
links 1524 to forming pads 1520. The pistons 1518 are 

2S linked via rods 1526 to expanding rollers 1522. As 
shown in Figures 17A and ^5&. the fomiing pads 1520 
enter an opening of two retracted outlet members as il- 
lustrated in Figure 15B. The expanding rollers 1522 and 
lorming pads 1520 are in a retracted position within re- 

30 tracted outlet members 1 560. 1 562. 

The piston 1512 is stroked downwardly a small 
amount to move actuator cylinders 1516 downwardly a 
small amount Next, pistons 1518 are stroked down- 
. - ^ - wardly causing expanding rollers 1522 to move akxig 

35 the inclined interior face of forming pads 1 520 causing 
the pads to push outwardy against the interior waits of 
retracted outlet members 1560. 1562 until the outlet 
members achieve a circular shape at that level. Simul- 
taneously, the outlet members are forced outwardly 

40 from the axis of the mult cole outlet sub 1550. Next, the 
pistons 1518 are stroked upv»3rdly, thereby returning 
the expanding rollers 1522 to the positkxis as shown in 
Figure 15C. The piston 1512 is stroked another small 
distance downwardly thereby moving the forming pads 

45 1 520 further down into the outlet members 1 560, 1 562. 
Again, the pistons 1518 are sUoked downwardly to fur- 
ther expand the outlet members 1560, 1562 outwardly 
and to circularize the outlets. The process is continued 
until the positions of Figures 15D and 17D are reached 

60 which illustrate the positkxi of the forming pads 1520 
and actuator cylinders 1 516 at the distal end of the mul- 
tiple outlet members 1560, 1562. 

Descriptkxi of Method for Providing Branch Wells 

ss 

Figures 11A-11H and Figure 12 describe the proc- 
ess for establishing branch wells from a branching sub 
30 in a well. The branching sub 30 is illustrated as having 
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three outlet members 34, 36. 38 (per Ihe example of Fig- 
ures 3A, 3B, 3C afKJ Figures 7A-7E) but any number of 
outlets may also be used as ilustrated in Figures 6A- 
6E. Only the outlets 38, 36 are lustrated Irom the axial 
cross-sectional views presented, but oT course a third 
outlet 34 exists (or a three outlet example, but it is not 
visible in the views of Figures n A- 11 H or Figure 1 2. 

Figure 11 A shows that the branching sub 30 is first 
connected to the lower end of a parent casing 604 which 
is conveyed through intermediate casing 602 (if 
present). Intermediate casing 602 lines the wellbcre and 
is typically run through surface casing 600. Surface cas- 
ing 600 and intemr>ediate casing 602 are typically pro- 
vided to line the welibore. The parent casing 604 may 
be hung from intermediate casing 602 or from the well- 
head at the surface of the earth or on a production plat- 
form. 

The outlet members 36. 38 (34 not shown) are in 
the retracted position. Slot 160 and notch 162 are pro- 
vided in branching chamber 32 of bcar>ching sub 30 (see 
Figure 12) to cooperate with orienting device 212 and 
latching device 210 of orienting and latching sub 208 of 
downhoie apparatus 200 (See Figure 9), When the par- 
ent casing 604 is set downhoie, the branching sub 30 
may be oriented by rotating the parent casing 604 or by 
rotating only the branching sub 30 where a swivel joint 
is installed (not illustrated) ai the connection of the 
branching sub 30 with the parent well casing 604. The 
orienting process may be montfored and controlled by 
gyroscopic or inclinometer sun«y mett>ods. 

Description of Alternative Embodiment of Figures 18A- 
ieFand19A-19C 

Figures 18A-18F illustrate concave deformation of 
outlet members in a retracted state of a branching sub 
according to an alternative embodiment of the invention. 
The outlets are shaped similar to that of a mlad surface 
shell. Cof>cave deformation cf retracted outlet mem- 
bers, under certain circumstances, provides advantag- 
es for particular outlet arrangements, especially tor 
three or more outlet nodal junctions. 

Figure ISA illustrates, in a radial cross section 
through lines 1 BA of the branching chamber 1 821 , of the 
branching sub 1850 of Figure IBB. that the outlets have 
a concave shape. Stiffening stmcture 1600 is provided 
at the juncture of each outlet member 1 881 . 1 842, 1 861 
with its neighbor. As a result the area that is capable of 
plastic deformation is reduced as the number ol outlets 
increases. Providing the retracted shape of the outlet 
members, as in Figures 18A and 18B. allows minimiza- 
tion of the area to be deformed, and simultaneously re- 
spects the principle of defonrBtkin of a ruled surface 
shell that allows expansion by post-forming with a min- 
imum of eniargy required. Figure ISA illustrates an en- 
velope 1 810 of the overall diameter ol the branching sub 
1850 when the outlet members 1681. 1842. 1861 are 
retracted. The arrow 1806 points to a circled area of 



structural reinforcement. Arrow 1804 points to an area 
of concave deformation of the outlets in branching 
chamber 1821. 

Figure 18C illustrates the branching sub 1850 at a 
5 longitudinal position at the junction of the outlet mem- 
bers with a radial cross section through lines 1 8C of Fig- 
ure 1 BB. Arrow 1 810 points to the outer envelope of the 
branching sub in its retracted state. Figure 18D illus- 
trates the branching sub 1 850 near the end of the outlets 
10 while in a retracted state. An^ 1 81 0 points to the outer 
envelope of branching sub 1850 in the retracted state, 
while arrows 1881*. 1842* and 1861' point to dashed line 
outlines of the outlet members 1881. 1842 and 1861. 
respectively, after expansion. 
13 Figures ISE and ISF Ulustrate the branching sub 
1 850 in an expanded state where Figure 1 BE is a radial 
cross section of through the outlet members at the end 
of the outlet. Arrow 181 0 points to the outer envelope of 
the branching sub 1650 when in a retracted state; arrow 
20 1810* points to the outer envelope when the outlet mem- 
bers 1681\ 1842* and 1861* have been expanded. 

A preferred way of placing the outlet members 
1881, 1842, 1861 into the retracted state of Figures 18A- 
18D is to construct the sub with the geometry of Figure 
2S 1 8E and apply concave pliers along the vertical plan of 
axis synrvnetry of the junction. The deformation is pro- 
gressively greater and deeper starting from the top of 
the outlet members (Figure 18A) to the bottom of the 
outlet members. The entire junction of outlet members 
30 1881, 1842, 1861 to branching chamber 1821 prefera- 
bly includes welding of super plastic materials such as 
nickel-based alloys (Monel or Inconel, for example) in 
the defomied areas and materials of higher yield 
strength In the non-deformed part of the branching sub. 
9S Electron beam welding is a preferred method of weldvig 
the con^ite sheR of the branching sub, because elec- 
tron beam welding minimizes welding induced stresses 
and allows joining of sections of different compositions 
and thick walls with minimum \ogs of strength. 
40 Figures 1 9A. 1 9B and 1 9C illustrate a post-forming 
tool 1 926 similar to the post-f onning tool of Figures 1 5B'- 
15D and 16 described above. An actuator sonde (not 
shown) supports the post-fomiing tool 1926 including 
actuator 1910, push rod 1 927. and forming rollers 1 929. 
45 Figure 19A shows an axial sectkxi schematfc of the 
post-forming tool 1926 operating in one outlet member 
1881 of branching sub 1850 when it begins to expand 
such outlet member. Figure 1 9B illustrates a similar axial 
sectkyi where actuator 1 91 0 has been stroked outward- 
50 ly to force push rod 1927 and traveling forming head 
1928 downward, with fomning rollers 1929 expanding 
outlet member 1881 outwardly while simultaneously 
rounding it Figure 19C shows a vertical cross sectkxi 
through the branching sub 1 850 with a traveling forming 
ss head 1928 in each of the three outlet members 1881. 
1 842. 1 861 . Fomning rollers 1 929 force the concave por- 
tion of outlet members 1881. 1842 and 1861 outwardly 
while support rollers 1 931 are supported against stiffen - 
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ing structure 1600. Push beams 1933 provide a frame 
(or rotationalty supporting (orming rollers 1 929 arxJ sup- 
port rollers 1931. Springs and linkages (not illustrated) 
are provided annong push beams 1933, forming rotters 
1 929. and support rollers 1 931 to insure that all mowig 
parts retract to a top position so that the overall tod di- 
ameter collapses to the diameter of the branching cham- 
ber 1821 (Figure 18B) of the branching sub 1850. 

In operation, the traveling forming head 1 928 d Fig- 
ures 1 9A-1 9C follows a sequence of steps similar to that 
described above with respect to Figures 17A-17D- The 
post-forming tool 1 926 is conveyed by means of a wire- 
line and its associated sonde with cable head, telemetry 
power supplies and controls sub. hydraulic power wit. 
ml orienting and latching-sub, and is set so that tfw 
tt:tuator 1910 seats above the top of the junction otf stS- 
ening stnxrture 1600. The traveUng forming head 192S. 
comprising push beams 1933 carrying forming raters 
1929 and support rollers 1931. Is pushed downwaKty 
by powering actuator 1910 so that the expansion of each 
outlet member (e.g., 1881. 1842, 1861) begins at its top 
end where it exits from the branching chamber 1 821 and 
continues to the lower end of each outlet member. This 
sequer)ce is repeated until the proper circular shape is 
achieved. 

Figure 11 B illustrates the forming step descritwd 
above with forming heads 122. 126 shown forming out- 
let members 38. 36 with hydraulic fluid being provided 
by telescopic links 180 from hydraulic power unit 206 

fixed traveling head 213. The outlet members 36, 
38 are rounded to maximize the diameter of the branch 
wells and to cooperate by fitting with liner hangers or 
packers in the steps descrft>ed betow. The forming step 
of Figure 11 B also strengthens the outlet members 36. 
36 by their being coM formed. As descrbed above, the 
preferred material of the outlet members 36, 38 d the 
brar»ching sub is alk^yed steel with an austenitic struc- 
ture, such as manganese steel, whteh provides subsaan- 
tial plastk; deformatton combined with high strengt^en- 
ing. Cdd forming (plastk; deformaton) d a nwkel eiloy 
s:eel, such as •Inconel', thus increases the >eW 
strength of the base material at the bottom end oi the 
branching chamber 32 artd in the outlet members 36, 
36. The outlet members are formed into a final subsaan- 
tiaHy circular radial cross-section by plastic deformation. 

As described above, it is preferred under most oorv 
citions to convey as)6 contrd the downhde forming ap- 
paratus 200 by means d wireline 1 1 0, but under certah 
oondittons. e.g., under-balanced wellbore conditions, 
(or in a highly deviated or horizontal well) a coiled tilling 
equipped with a wireline may replace the wireline atone- 
As illustrated in Figure 11 B and described above, the 
downhde forming apparatus 200 is oriented, set and 
locked into the branching sub 30. Latching devce 210 
snaps into ndch 162 as shown in Figure 1 1 B (see also 
Figure 12), Hydraulfc pressure generated by hydrauHc 
power unit 206 is applied to pistons in forming heads 
122, 126 that are supported by telescopic links 180 Af- 



ter a forming sequence has been perfomedL Ihe pres- 
sure is released from the pistoris. and the lelescopk; 
links 180 k>wer the forming pads dowrr by one step. 
Then the pressure is raised again and so on until the 

s forming step is completed with the outlet members cir- 
cularized. After the outlet members are sExparxled, the 
downhole forming apparatus 200 is rerroved from the 
parent casing 604. 

Figures 11 C and 1 1 D illustrate the c^nenting steps 

10 for connecting the parent casing 604 anit the branching 
sub 30 into the well. Plugs or packers BOO are installed 
into the outlet members 36, 38. The prefared way to set 
the packers 600 is with a multiple head sdnger 802 con- 
veyed either by cementing string 804 or a cdted tubing 

ts (nd illustrated). A multiple head stinger includes multi- 
ple heads each equipped with a cemerdng Bow shoe. 
The stinger 802 is latched and oriented vn the branching 
chamber 32 d branching sub 30 in a rrarmer similar to 
that described above with respect to F^ire n B. As il- 

20 lustrated in Figure 1 1 D, cement 900 is linjectBd via the 
cementing string 804 into the packers BOO. and after In- 
flating the packers 800 flows througtr conventional 
check valves (not shown) into the annubs ouAside par- 
ent casing 604, including the bottom branchiir^ sectkxi 

2S 1 000. Next, the cementing string 804 is pulMout d the 
hole after disconnecting and leaving ;iackers BOO in 
place as shown in Figure 11E. 

As shown in Figure 11F, individual rrandh wells (e. 
g. 801) are selectively drilled using any 5uit^le drilling 

30 technque. After a branch well has beerr drffled, a liner 
BOS is installed, connected, and seated in the outlet 
member, 36 for example, with a comontianal casing 
hanger 606 at the outlet d the branching sdb 30 (See 
Figures 11G and 11 H). The liner may te cemented (as 

3S illustrated in Figure 11Q) or it may t>e rvinmfabie da- 
pending on the productnn or injectton parannmers, and 
a second branch well 806 may be drilled as fltustrated 
in Figure 11H. 

Figure 12 illustrates completton cf bramch wells 

40 from a branching sub at a node of a pa-^nt well havBig 
parent casing 604 wn through intemiedaie casing 602 
and suriace casing 600 from wellheac 310. As men- 
tkxied above, parent casing 604 may ta hurng from in- 
termediate casing 602 rather than from weltread 61 0 as 

<5 illustrated. The preferred nr>ethod of corrpleting the well 
is to connect the branch wells 801 . 808 to a downhole 
manifoM 6 1 2 set in the branching chamber 32above the 
junctkxi d the branch wells 801. 806. The downhole 
manifoW 61 2 is oriented and latched in braxfang cham- 

so ber 32 in a manner similar to that d the iowrthole form- 
ing tod as illustrated in Figures 8A. 88 arrf 11 B. The 
downhde manifdd 61 2 altows for contra* d «ie produc- 
tkxi d each respective branch well andprwides for se- 
lective reentry d the brarKrfi wells 801 , 308 wSh testing 

ss or maintenance equipment which WBf bo conveyed 
through productkxi tubing 820 from the surface. 

In case d remedial woric in the parent casing 604, 
the downhole manifold 612 can isolate the parent well 
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from the branch wells 801 . 808 by plugging the outlet of 
the downhole manifold 612. This is done by conveying 
a packer through production tubing 820. and setting it 
in the outlet of downhole nnanifold 612 before discon- 
necting and renrwving the production tubing 820. N^lves 
controllable from the surface and testing equipment can 
also be placed in the downhole equipment. The down- 
hole nunrfold 612 can also be connected to multiple 
completion tubing such that each branch well 801 , 808 
can be independently connected to the surface well- 
head. 

The use of a brarKhing sub for branch well fomia- 
tion, as described above, for a triple branch well config- 
uration, allows the use o( drannatically snraller parent 
casing as compared to that required in the prior art ar- 
rangement of Figures 1 A and 1 B. The relationships be- 
tween the branching sub diameter Ds. the maximum ex- 
panded outlet diameter Do, and the maximum diameter 
of a conventional axial branch lor a two outlet case 
is shown in Figure 13A. and for a three outlet case in 
Figure 1 3B. The same kind of analysis applies for other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that couM be made of liners 
packed at the end of the parent casing, the branching 
well methods and apparatus of the present invention al- 
tow a gain in brarxih cross-sectkmal area ranging from 
20 to 60 percent. 

Figures 1 4A-1 40 illustrate various uses of two node 
branch well configurations according to the invention. 
Figures 1 4 A and 1 4B illustrate a branching sub at a node 
according to the inventon. Figure 14C illustrates how 
branch wells may be used to drain a single strata or res- 
enrair 1100, while Figure 14D illustrates the use of a sin- 
gle node by which mult?)le branch wels are directed to 
different target zones 1120, 1140, 1160. Any branch well 
may be treated as a single wel for any inten^entkm, 
plugging, or abandonment, separate from the other 
wells. 

Descriptkxi of Attennative Embodiment of a Branching 
Sub According to the Inventkxi 

a) Description o* Alternative Branching Sub 

Figures 20A and 20B show an alternative ennbodi- 
ment 3000 of the invention of a branching sub. Figure 
20A shows an exterior view of the brartching sub 3000 
including a housing 3002 having threaded ends 3004, 
3006. The branching sub 3000 ol Figures 20A 20B is 
illustrated in an expanded or post-formed state. The 
branching sub 3000 includes a main pipe 3010 which 
defines a feed through channel XII (see Figure 20B) 
and at least one lateral branching outlet 301 2 whch de- 
fines a lateral channel 301 3 (see Figure 20B). A branch- 
ing chamber 3008 is defined between the top channel 
3007 and the feed through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (BH A) deflecting 
area 3015 separates main pipe 3010 from lateral 



branching outlet 3012. 

In a retracted state, the branching sub 3000 may be 
placed in series with sectksns of well casing and posi- 
tioned in a borehole with the njnning of the casing string 

5 into the borehole. After placement in the borehole, the 
housing of the branching sub 3000 is post-formed so 
that both the feed through channel 3011 and the lateral 
channel 301 3 (or multiple brarKhing outlets) are shaped 
to a final geometry which increases resistance to pres- 

10 sure and whk;h nr^imizes the drift dianteter of the lat- 
eral channel 301 3 and the feed through channel 3011 . 
Longitudinal ribs 3018 provide strength to the housing 
3002 of the branching sub 3000. Longitudinal rib 3018 
extends the entire axial length of the branching sub 3000 

15 and is integral with the BHA deflecting area 3015 for a 
distance from the boOom threaded end 3006 of the 
branching sub 3000 to the branching chamber 3006. 

Figures 21A-21D schematically illustrate the 
branching sub 3000 in its retracted state (see Figures 

20 21 A 21 B) and in its expanded state (see Figures 21 C, 
21 D). In the retracted state shown in Figures 21 A 21 B, 
the main pipe 301 0 and the branching outlet 301 2 have 
been prefabricated so that the maximum outer diameter 
D of the branching sub 3000 is not greater than the top 

25 threaded end 3004 or bottom threaded end 3006. Figure 
21 B. taken along section Bne 21B of Figure 21 A illus- 
trates the obkxig shaoe of the feed through channel 
3011 of main pipe 3010 and of the lateral channel 3013 
of lateral branching outlet 3012. In the retracted state, 

30 branching sub 3000 can be placed between sections of 
borehole casing and run into an open borehole to a se- 
lected depth. 

Figures 21 C and 21 D schematk^ally illustrate the 
branching sub 3000 after ft has had its feed through 
3S channel 301 1 expanded and its lateral channel 301 3 ex- 
panded. The maximum diameter in the expanded state, 
performed downhole. at section line 21 D is D' as com- 
pared to the diameter D of the top and bottom threaded 
ends 3004, 3006 of the branching sub 3000. Figure 21 D 
40 illustrates that the main pipe 3010 and the lateral 
branching outlet 301 2 rot only have been expanded out- 
wardly from their retracted state of Figures 21A. 218, 
but that they have been substantially circularized. Thus, 
in Figure 21 D, feed through channel 3011 and lateral 
45 channel 301 3 are characteiized by substantially circular 
internal diameters. 

The downhole post-loaning method and apparatus 
illustrated and descri)ed above by reference to Figures 
7A-7E, 8A 8B. 9 and 10 are used to expand the feed 
50 through channel 3011 and the lateral channel 301 3. 

The construction of branching sub 3000 is based on 
the combination of nnaierial and geometrical properties 
of the BHA deflecting area 301 5. The material is specif- 
cally selected and treated to altow a large rate of defor- 
ms maton without cracks. The geometry of the wall is such 
that both its combined thickness and shape ensure a 
continuous and progressive rate of deformation during 
the expansion. The plastic deformatkjn increases the 
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yield strength by cold work effect and hence gives the 
joint an acceptable strength that is required to support 
the pressure and liner hanging forces. Figure 22 shows 
that the yield strength after expansion increases with the 
rate of deformation of the outlets. A preferred matenaJ 
for use in the post-forming areas is a fine grain normal- 
ized carbon steel or an austenitic manganese alloyed 
steel that reacts favorably to cold working. A preferred 
constnjction method is to manufacture different specific 
components in order to optimize the material and form- 
ing process of each particular part: In a final stage, the 
components are weWed together so that the housing 
3002 becomes one single continuous stnjctural shell 

b) Description of Use of Alternative Branching Sub 

Figure 23 schematically Utustrates the use of the al- 
ternative branching sub 3000 as described above. A 
pref ened use of the branching sub 3000 is for providing 
multiple branches in a parent well. Such multiple 
branches may improve the drainage of a subterranean 
formation. 

Before the invention of the branching sub 3000 d 
Figures 20A. 20B and 21A-21D. connectkin of a lateral 
branch to a parent well has generally made use of an 
arrar>gement of several parts with sealing of the brarKh 
well to the parent well with rubber, resin or cement. Such 
joints require a complex method of installatk>n and 
present a risk of hydraulic isolation failure after several 
pressure cycles in the wetL 

The branching sub 3000 according to the invention 
albws for provkiing multiple branches from a parent 
casing with no sealing joint, but with conventional liner 
hanging packers and casing joints.- The geometry of the 
housing 3002 of the branching sub 3000 allows the pres- 
sure rating of the sub and the size of the branch to be 
maximized with regard to the parent casing size. Figure 
23 shows an example of the use of a branching sub 3000 
where, after expanston downhole, branch wells XU 
are provided to separate parts of the earth's crust by 
means of lateral channels 301 3. The branch wells 30*4 
can be used for extractkxi. storage or injection of vario^ 
flukls such as mono or poly-phask; flukJs of hydrocarbon 
products, steam or water. 

c) Descriptkxi of Deflection Apparatus and Procedures 

Figure 24 illustrates how a drilling tool 3030 can be 
gukled or deflected from main pipe 3010 into lateral 
branching outlet 3012 after the branching sub 3000 has 
been expanded downhole. A deflecting tool 3036 is set 
in main pipe 3010 by means of elements whk:h cooper- 
ate with the positioning groove 3040 and orienting cam 
and skA 3042 illustrated schematk:ally. 

Several lateral branching subs can be stacked in 
tandem at a k)catkxi in the well or at several places 
along the casing string in order to provide optimal com- 
municalkxi with various formations from the parent well. 



Figure 25 illustrates two branching subs 300Q according 
to the alternative embodiment of the invention which are 
connected in tandem in a casing string 3300 Where two 
or rrvore branching subs 3000 are connected in a casing 

s string 3300, each sub can be oriented with the same or 
a different face angle for the lateral brarv:t»es. As a con- 
sequence, different angular orientatkxis Iron the parent 
well may be provkled to reach a large volume of subter- 
ranean formatbns with different lateral branches. The 

10 casing string 3300 may be oriented vertcal^ or horizon- 
tally, or it may be tilted; but the lateral branches may in 
any case extend laterally from the parent casing. Al- 
though departing at a narrow angle from the casing 
string 3300, lateral boreholes from the latenai outlets of 

'5 branching subs 3000 can bo directkinally drOiad to a ver- 
tcal, deviated or horizontal orientation. 

Figures 26A and 268 IRustrate a driOabUe cap 3400 
weMed about the opening of lateral braretiing outlet 
3012 in its retracted and expanded conditians. respec- 

20 tivety. When conveying the casing string into the bore- 
hote, the cap 3400 isolates the lateral channel 301 3 from 
the borehole and maintans a differentia pressure 
across the casing wall whk:h may be required to control 
the borehole pressure when casing is conned down- 

2S hole. When the lateral branch is to be drilled, a drilling 
tool bores through cap 3400 and into a formsdon to form 
a lateral branch. 

d) Description of Advantages and Features of 
30 Alternative Branching Sub 

As mentioned above, a single branching sub 3000 
can be provided with rrKxe than one lateral outlal Such 
multiple outlets can be coplanar with each other or non- 

3S coptanar A single branching sub 3000 can be connect- 
ed in tandem with one or more other branching subs 
3000 either at its top end or its bottom end. A branching 
sub 3000 can be provided with a foot at its lower end in 
a similar manner to foot 172 of Figure BA 

40 A lateral branching outlet 301 2 of Figire 20B may 
support a liner hanging packer whch holos a lir»er con- 
nected to the housing 3002 in order tc isoiale the 
branching chamber 3008 from the borehole. Appropri- 
ate grooves at the top of the lateral branching outlet 

45 3012 may be provkled to secure the liner hanger and 
prevent the liner from accklentally moving out of tte out- 
let during the liner setting operatbn or later ARemative- 
ly, the interior wall of thr lateral branching oultel 3012 
can be provided without grooves. 

so The lateral branching outlet 301 2 can be terminated 
with a ramp that guides the drilling bit when starting the 
drilling of the lateral borehole. Such ramp can prevent 
the drilling bit from accklentally drilling baditowofd the 
main pipe 3010. 

ss other structures may be provkied inside the 
branching chamber 3006 such as a guidarv» ramp, sec- 
ondary positioning groove, or the like to valkiatte con- 
veying equipment through the feed throogh channel 
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3011 or toward a specific lateral channel 3013. The 
branching chamber 3008, or the lateral branching outlet 
301 2, or the rnain pipe 3010, can be provided with tem- 
porary or pemwnent flow control devices such as 
valves, chokes, or temporary or permanent recording 
equipment with temperature, pressure or seismic sen- 
sors, tor example. The branching chamber 3008 can al- 
so be provided with a production tubing interface with a 
flow connector, or a flow diverter. or an isolating packer 
A lateral branching outlet 301 2 can also be provided with 
an artificial lifting device such as a pump, gas influx in- 
jectors, and the like. 

As an alternative to the apparatus and techniques 
o( Figures 7-10 for expanding the main pipe 3010 and 
the lateral branching 00110^3012. an inflatable packer 
may be placed on the tnskje wait of the main pipe 3010 
or the lateral branching outlet 301 2 %vhereby the expan- 
skxi force o( the packer is used to expand the pipes by 
plastc deformatksn. 

V^rkHis mcdificatkxis and alteratkxis in the de- 
scribed methods and apparatus will be apparent to 
those skilled in the art of the foregoing description which 
do not depart from the spirit of the inventk}n. For this 
reason, such changes are desired to be included within 
the scope of the appended clainns whk:h include the only 
limitatkxis to the present invention. The descriptive 
manner whk:h is employed for setting forth the embod- 
iments shouU be interpreted as illustrative but not limi- 
tative. 



Clalnte 

1 . A multiple branching sub desired and arranged for 
depkiyment in a borehole comprising: 

a branching chamber having an open first end 
of cylindrical shape and a second end. saki 
branching chamber designed and arranged for 
sealed connectkxi at sad first end to casing in 
a borehole; and 

multiple branching outlet members, each of 
whk^h is integrally connected to sakj secortd 
end of said branching chamber, each of said 
multiple branching outlet members being in flu- 
kl communicatkxi with saU branching cham- 
ber, sakl sub characterized by: 
a retracted positkxi for insertbn into a borehole 
in whch each of sakJ multiple outlet nrwmbers 
is substantially totally within an imaginary cyl- 
inder whkJh is coaxial with and of substantially 
the same radius as sakj first end of sakJ branch- 
ing chaml>er; and 

an exparxjed positkx) in which at least one of 
said multiple outlet menr>bers exter>ds from said 
branching chamber in a path outwardly of said 
imaginary cylinder; and 
wherein said branching outlet members, when 



in said retracted positkyi. are characterized by 
an outer cun/ed shape when a radial cross-sec- 
tion of said branching outlet members is viewed 
from outskle said imaginary cylir>der. 

5 

2. The sub of claim 1 wherein said branching outlet 
members, when in sakd retracted position, are char- 
acterized by an outer convex or concave shape 
when a radial cross-section of sakj branching outlet 

10 members is viewed from outskto sad imaginary cyl- 
inder 

3. The sub of claim 1 wherein sak) outlet members are 
designed and arranged such thai in sad exparded 

IS position, each of sad multi>le outlet members ex- 
tends in an arcuate path from sad branching cliam- 
ber outwardly of sad Inuiginary cyinder 

4. The sub of claim 1 wherein sad multiple outlet 
20 members in sad expanded positkxi are character- 
ized by a substantially circular radial cross-sectdn- 
al shape. 

5. The sub of claim 1 wherein said multtpte branching 
25 outlet members are fomied of a material whk:h may 

be plastcatty deformed by cold fomrung. 

6. The sub of claim 5 wherein sad material is an al- 
dyed steel with austenitic structure. 

30 

7. The sub of claim 6 wherein sad material is a nrckel 
alloy. 

8. The sub of claim 1 wherein each of sad multiple 
3S branchhg outlet members is of substantially the 

same radial cross-sectdnal area. 

9. The sub of claim 1 wherein at least one of said mul- 
tiple branching outlet members is characterized by 

40 a radial cross-sectdnal area whktt is greater than 
at least one other of sad murtole branching outlet 
members. 

1 0. The sub of claim 1 further comprisir>g a leg member 
45 earned substantially axially downwardly from sad 

second end of sad branching chamber; ard a foot 
disposed at a distal end of sad leg. 

1 1 . The sub of claim 1 wherein a central support region 
so is defined at said second end of said branching 

chanrtber between integral connectkyis of sad mul- 
tiple branching outlet members to said second end, 
and further comprising: 

ss an extensdn teg carried from sad central sup- 

port region which extends axially beyond sad 
multiple branching outlet members; and 
a foot disposed at a distal end of said leg. 
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^Z Abfanching sub designed and arranged tor deptoy- 
mem in a borehole comprising; 

an integral housing having a top er\d and a bot- 
tonn end and which defines a branching cham-. 
bor. a main pipe, and a branching outlet, with 
said nnain pipe and said branching outlet each 
being longitudinally below said branching 
chamber and each being in fluid communica- 
tion with said branching chamber, 
said top end of said housing being above said 
branching chamber and being adapted for con- 
nection to borehole casing, and wherein said 
top end is characterized by a connection diam- 
eter, ^-x. 

said branching sub characterized by a retracted 
state for insertion Into a borehole in which the 
largest diameter of said housing at any position 
along its longitudinal length is no greater than 
said connection diameter; and 
an exparxied state in which said branching out- 
let extends outwardly from said branching 
ct^amber with a diameter of said housing in said 
expanded state being greater than said con- 
nection diameter. 

13. The branching sub of claim 12 wherein said main 
3ipe has an end which defines said bottom end of 
said housing and which extends tongttudinalty be- 
ow an end of said branching outlet. 

14. The t>ranching sub of claim 12 wherein said main 
pipe has threads provided at said bottom end for 

. corvwction to borehole casing below. 

15. The branching sub of claim 14 where in the retract- 
ed state said main pipe is characterized by a circular 
nside radial section shape at said bottom end and 
3y a non-circular inside radial section shape at a 
ongrtudinal position below said branching chamber 
2nd above said bottom end, and said branching out- 
et is characterized by a non-circular inside radial 
section shape at a kx^gitudinal position below said 
sranching chamber 

1 & The branching sub of claim 1 6 where in the expand- 
ed state said branching chamber and said main 
pipe are characterized by a substantially constant 
first diameter of a circular inside radial shape from 
said lop end to said bottom end, and said branching 
outlel is characterized by a substantially constant 
second diameter of a circular inside radial shape 
from said branching outlet end to said branching 
chamber. 

17. The branching sub of claim 1 3 further comprising a 
first longitudinal rib which is integral with said hous- 
ng and which extends from said bottom end to said 



top end in a path along the exterior of said housing. 

16. The branching sub of claim 1 7 further comprising a 
second longitudinal rib, spaced peripherally from 
s said first longitudinal rib which exterKjs from said 
bottom end to said top end in a path along the ex- 
terior of said housing. 

1 9. The branching sub of claim 1 8 further comprising a 
10 deflecting structure which separates said main pipe 
from said branching outlet from said branching 
chamber longitudinally downward to said end of 
said branching outlet. 

IS 20. The branching sub of claim 1 3 further comprising a 
drillable cap secured to said end of said branching 
outlet. 
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FIG. 3A 
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